Objectives: Many parents of children with ventriculoperitoneal shunts present to the emergency department for evaluation of a possible shunt malfunction. No study to date has evaluated their ability to predict a shunt malfunction. Our study objective was to evaluate parents' accuracy for predicting a shunt malfunction in their child. We hypothesize that parents more experienced with prior shunt malfunctions are better able to predict subsequent malfunctions in their child. Methods: We conducted a prospective, descriptive study on children younger than 18 years presenting to our tertiary care pediatric emergency department with a possible ventriculoperitoneal shunt malfunction. Parents rated the likelihood of a shunt malfunction using an unmarked 100-mm visual analog scale marked definitely malfunctioning at the high end. An experienced parent was defined as one who had previously experienced at least 3 shunt malfunctions in their child. Results: We enrolled 85 parent-child dyads in our study. Twentyfour children were diagnosed with a malfunction. The predictive ability of parents to determine a shunt malfunction was found at a threshold visual analog scale score of 66 (sensitivity, 88.9%, and specificity, 62.2%). At a determined threshold value of 85 or more, experienced parents had a high specificity of 89.2% with a positive likelihood ratio of 5.1. Experienced parents showed an area under the curve of 0.7928 (95% confidence interval, 0.6037-0.9819); and inexperienced parents, 0.5611 (95% confidence interval, 0.3646 -0.7576) (P = 0.096). Conclusions: Experienced parents are better able to predict a shunt malfunction in their child.
V entriculoperitoneal (VP) shunts have become the standard treatment of the management of hydrocephalus in children. There are approximately 18,000 shunts placed annually in the United States. 1 As many as 25% to 40% fail during the first year after placement, and approximately 56% to 80% of patients will experience at least 1 episode of malfunction in the 10 years after insertion. 2 -6 Physicians often rely on standard radiographic studies, such as a head computed tomography (CT) and shunt series radiograph to aid in the diagnosis of a shunt malfunction. Radiographic imaging, unfortunately, is not a sensitive means for diagnosing a shunt malfunction. Studies have documented that in up to 16% to 24% of cases of malfunction the ventricular size is unchanged or smaller when compared with previous studies. 7, 8 Every child is unique in their presentation for shunt malfunction and may not present with textbook symptoms of increased intracranial pressure. Health care providers need to have an increased awareness for unusual presentations of shunt malfunctions in children. Presumably, the family who has witnessed 1 or more shunt malfunctions would be more likely to recognize the signs and symptoms in their own child and respond quickly. 9 No study to date has evaluated the ability of parents, who have witnessed a prior shunt malfunction in their child, to predict a subsequent malfunction. Our objective was to evaluate parents' accuracy for predicting a shunt malfunction in their child. We hypothesized that parents who experienced previous shunt malfunctions would be better able to predict subsequent shunt malfunctions in their children.
METHODS

Study Population
The study emergency department (ED) is a tertiary care academic children's hospital and the main site for pediatric neurosurgical referrals. Eligible patients included those with VP shunts younger than 18 years who presented to the pediatric ED between May 1, 2004, and November 1, 2005, with any concern that led to the workup for a shunt malfunction. Patients without previous shunt revisions or those who had any other type of shunts were excluded from the study. A shunt malfunction was defined as any condition resulting in surgical revision or valve adjustment. A shunt malfunction was ruled out if the patient was given an alternative diagnosis at discharge and did not return within 1 week for a shunt revision or adjustment.
Data Collection
The parent-child dyads were enrolled as a convenience sample. Parents of children with VP shunts were approached by the pediatric emergency attending physician on duty regarding study participation. Parent was defined as the legal guardian or caretaker who brought the child to the hospital for evaluation. A parent who had experienced 3 or more prior shunt revisions was determined to be an experienced parent, whereas those with less than 3 prior shunt revisions were determined to be an inexperienced parent.
Once verbal consent was obtained, the physician completed the study form documenting the date of birth, date of visit, sex, type of shunt, and number of previous revisions. Once a child was determined to be eligible for study enrollment, the parent was instructed to rate the likelihood of a shunt malfunction by placing a vertical line on a validated 100-mm visual analog scale (VAS) with definitely not malfunctioning on the low end and definitely malfunctioning on the high end. 10 -13 Once the study form was completed, imaging studies and neurosurgical consultation were ordered at the discretion of the attending physician. Imaging studies usually consisted of a shunt series radiograph and CT of the head. Based on the test results, patients were discharged home, admitted for observation, had a valve adjustment, or were taken to the operating room by the pediatric neurosurgeon. The study investigators reviewed the charts of the admitted and discharged patients for the possibility of a missed shunt malfunction. Patients who returned within a week of the initial visit for a revision were considered to have a shunt malfunction. Our institutional review board approved this study.
Statistical Analysis
Data were analyzed using the Stata 9SE (Stata Corporation, College Station, Tex). Using the VAS score as a diagnostic test, sensitivity, specificity, positive predictive value, negative predictive value, and likelihood ratio were calculated at different VAS scores. In addition, a receiver operating characteristic (ROC) curve was constructed to assess the diagnostic performance of the parent VAS score in predicting a shunt malfunction. Comparison between the experienced and inexperienced parent was evaluated by comparing the area under the curve (AUC) of the ROC curve. A sample size calculation could not be performed as this is the first study attempting to use a VAS as a tool for parent's ability to predict a shunt malfunction.
RESULTS
The parents of 103 children with a cerebrospinal fluid shunt were approached for participation in the study. Eight patients had no previous revisions, 3 had another type of shunt, and 7 had incomplete forms. All 18 were excluded. Eighty-five children with VP shunts were included for study enrollment, and 24 (28%) were diagnosed with a shunt malfunction. The causes of shunt malfunction were found to be related to the proximal catheter (9), the valve (6), the distal catheter (3), an infection (3), loculations (2) , and an abdominal pseudocyst (1) . Demographic data showed a median age of 8.8 years (interquartile range, 3.8-12.4). Forty patients (47%) were female.
There were 39 parents (46%) who had experienced less than 3 prior shunt malfunctions in their child. They were identified as inexperienced parents. Of the 39 children, malfunction was diagnosed in 15. Forty-six parents (54%) had experienced more than 3 prior shunt malfunctions in their child. They were identified as experienced parents. Of the 46 children, malfunction was diagnosed in 9 ( Fig. 1 ).
The test characteristics at different VAS scores for inexperienced and experienced parents are shown in Table 1 and Table 2 , respectively. The predictive ability of parents to determine a shunt malfunction is shown by the best combination of sensitivity and specificity. For experienced parents, this value was found at a threshold VAS score of 66 (sensitivity, 88.9%, and specificity, 62.2%). At a determined threshold value of 85 or more, experienced parents had a high specificity of 89.2% with a positive likelihood ratio of 5.1.
The ROC curve for the inexperienced and experienced parents is shown in Figure 2 . The AUC of the ROC curve allows for a comparison of the test performance between the 2 groups. Experienced parents were found to be more accurate than inexperienced parents at predicting a shunt malfunction. The experienced parents showed an AUC of 0.7928 (95% confidence interval, 0.6037 -0.9819), and inexperienced parents showed an AUC of 0.5611 (95% confidence interval, 0.3646 -0.7576) (P = 0.096).
DISCUSSION
Parents of children with VP shunts frequently present to the ED for evaluation of a possible shunt malfunction. The management of these children can be challenging due to the heterogeneity of signs and symptoms associated with shunt malfunction. When children have had multiple shunt revisions, many believe that parents are best at detecting a shunt malfunction.
Most studies evaluating signs and symptoms predictive of shunt malfunction are found in the neurosurgical or neurological literature. 14 -17 One study, conducted in a pediatric ED, showed that of more than 20 possible signs and symptoms evaluated, only shunt site swelling and lethargy were found to have a statistically significant association with a malfunction. 18 Parental input can be valuable in the workup of a possible shunt malfunction. Watkins et al, 19 in a prospective study, compared neurosurgical referrals from parents, general practitioners, and hospitals. He found that no source of referral whether by general practitioners or hospitals was more accurate than direct referral from parents.
We found the predictive ability of experienced parents to determine malfunction at a threshold VAS score of 66 with a sensitivity of 88.9% and specificity of 62.2%. Our findings suggest that when parents have experienced more than 3 previous revisions and are at least 66% confident that their child is experiencing a shunt malfunction, physicians should consider further investigative studies or consultation with a neurosurgeon as part of the ED management. Although our results did not show a statistical significance, a clinically important difference was found between the AUC of both groups. Our study has several limitations. We were unable to provide a prior sample size calculation because this was the first study attempting to use a VAS score as a tool to predict a shunt malfunction in children. A post hoc power calculation revealed a power of 0.54. Our small sample size likely resulted in a type II error. To keep homogeneity among our study group, we chose to only include children with VP shunts and exclude all other types of shunts which may have limited our sample size. Our population was from a convenience sample, and many children may have been missed from study enrollment as not all physicians consistently enrolled eligible ED patients. Because the study hospital is the major referral center for outlying community hospitals, it was assumed that all patients who were discharged home from the ED and did not return within 1 week did not have a shunt malfunction. It is possible that the children may have been taken or transferred to another hospital and had a shunt revision done without our realization.
To our knowledge, this is the first study that evaluated parents' ability to predict a shunt malfunction in children presenting to the ED. We found that experienced parents are better able to predict a shunt malfunction in their child. Our study provides sufficient evidence to recommend that physicians ask for, and use, parental input as part of the ED management of children with a possible VP shunt malfunction.
